On the basis of the most recently reported spectroscopic data on vibrational modes in TeCl 4 and structural parameters of TeCl 4 , an estimation of its main force constants complemented with the calculation of mean amplitudes of vibration in a wide temperature range have been performed. Also thermodynamic functions for the ideal gaseous state of the molecule calculated, using the statistical mechanics approach.
The gas phase infrared and Raman spectra as well as the corresponding spectra in Ar and N 2 matrixes of TeCl 4 have been reported more than thirty years ago by Beattie et al. [1] . However, the vibrational description remained incomplete since only seven of the nine fundamental vibrations can be found in these studies. The vibrational assignment of this molecule was only completed recently, performing a new measurement of the gas phase IR spectrum, complemented by an ab initio molecular orbital calculation at the MP2 level [2] .
Using the spectroscopic and structural data reported in this study, we have now performed the calculation of the most important vibrational properties and ideal gas phase thermodynamic functions of this molecule.
The molecular geometry of TeCl 4 is consistent with VSEPR theory [3] . It can formally be derived from the sp 3 d hybridization of the central atom, with the lone pair occupying one of the equatorial positions of the trigonal pyramidal arrangement. The computed geometrical parameters are the following: Te-Cl eq = 2.13Å; Te-Cl ax = 2.441Å; Cl eq -Te-Cl eq = 100.2 • and Cl ax -Te-Cl ax = 176.6
• [2] . The large space requirement of the electronic lone pair is shown by the Cl eqTe-Cl eq angle less than 120 • and by the tilt of the axial chlorines towards the equatorial ones, as well as by the longer axial bonds. Notwithstanding, and as discussed below, an alternative approach, based on a well-known empirical semi-ionic model, may be more adequate for a better description of the Te-Cl bonds.
In order to attain a wider insight into the bond characteristics we have made an approximate calculation of the principal force constants, using the valence force 0932-0784 / 05 / 0600-0408 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com field proposed by Siebert for Y 2 XZ 2 molecules of C 2v symmetry [4] , but neglecting coupling effects between species of the same symmetry. The results are shown in Table 1 . In this table, f refers to Te-Cl bonds, f to bond/bond interactions, f α to Cl eq -Te-Cl eq and f β to Cl ax -Te-Cl ax angles.
As it can be seen from the data presented in Table 1 , the Te-Cl equatorial bonds are appreciable stronger than the axial ones, in agreement with the estimated greater length of these last bonds. The value estimated for the Te-Cl eq bond compares reasonably well with that calculated for the Te-Cl bonds in the pyramidal TeCl 3 + cation (2.27 mdyn/Å) [5] . Using these calculated force constants for the two types of Te-Cl bonds it is possible to make a rough estimate of their bond orders, using the empirical method of Siebert [5, 6] . This calculation shows that the equatorial bonds present a bond order of about of 1.2, whereas the axial bonds are weaker with a bond order of only 0.8, pointing also to substantial differences in the bond strength and characteristics of both bond types.
These results are in agreement with the semi-ionic three center-four electron (3c-4e) bond model [3, 7, 8] . In the frame of this model, the equatorial Cl atoms are bound by regularly localized two center-two electron (2c-2e) bonds via sp 2 hybridized orbitals on the central atom, with the lone pair on the remaining lobe of this hybrid orbital. Then, the axial F atoms must be in 3c-4e bonds, using the remaining p orbital of tellurium, and generating more ionic and weaker bonds [9, 10] . Table 3 . Statistical thermodynamic functions (in cal/deg mol) of TeCl 4 . For a wider characterization of the telluriumchlorine bonds, we have also calculated the mean amplitudes of the vibrations of TeCl 4 . These calculations were performed with the method of characteristic vibrations of Müller et al. [11] (cf. also [12, 13] ). The obtained results, in the temperature range between 0 and 1000 K, are shown in Table 2 .
The results of these calculations are in excellent agreement with the calculated force constants and with the discussed bond characteristics, as the equatorial bonds present lower mean amplitude values than the axial ones, in the full temperature range. On the other hand, and in agreement with the commented similar value of the force constants, the Te-Cl bond in the TeCl 3 + cation presents an identical mean amplitude value (0.047Å at 298 K) [12] as for the Te-Cl eq bonds.
A comparison with the octahedral TeCl 6 2− anion, also containing Te(IV), is interesting too. The force constant of 1.20 mdyn/Å calculated for the Te-Cl bonds in this case [14] immediately shows weaker bonds than in TeCl 4 . Consequently, the mean amplitudes of vibration of TeCl 6 2− are also relatively higher (0.0484Å at 0 K and 0.0649Å at 298 K [14] ) than those of both types of Te-Cl bonds in TeCl 4 .
Finally, we have calculated the thermodynamic functions in a wide temperature range, for the ideal gaseous state (unit fugacity) using the rigid rotator, harmonic oscillator approximation [15, 16] . The moments of inertia were calculated with the MOLDRAW program [17] . The symmetry number is 2.
The results, specific heat (C p ), reduced enthalpy [(H 0 − H 0 0 )/T ], reduced free enthalpy [(G 0 − H 0 0 )T ] and entropy (S 0 ), in the temperature range between 100 and 1200 K, are presented in Table 3 .
To conclude, these calculations provide a wider insight into the vibrational properties of TeCl 4 , an interesting representative of the rather uncommon XY 4 -type molecules, containing a central heavy metal atom, and possessing C 2v symmetry.
